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(54) LIQUID CRYSTAL ELECTRO-OPTICAL DEVICE 

(57)Abstract: - 

PROBLEM TO BE SOLVED: To extend an angle of visibility of an 
electro-optical device optimum to an OCB mode in normally white 
mode display and a mode similar to the OCB mode. 
SOLUTION: When a liquid crystal cell 10 with a bend array is 
combined with an optically anisotropic element 30 as the device 1, 
the elliptical coefficient Z of a refractive index ellipsoid of the 
element 30 is expressed by Z=(ndx-ndz)/(ndx-ndy). In this case/the 
optically anisotropic element 30 capable of satisfying»7<Z<10 (The x, 
y and z direction components of the product of the thickness (d) of 
the element 30 and the refractive index (n) of the element 30 are 
defined as ndx, ndy and ndz. The ndx and ndy are the intra- face 
direction components of the element 30 and the ndz is the thickness 
direction component.) and compensating the visual angle 
characteristic of a liquid crystal layer 13 in the cell 10. 
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CLAIMS. 



[Claim(s)] 

[Claim 1] In the liquid crystal electro-optic device equipped with the bend orientation liquid crystal cell 
containing the liquid crystal layer in which it can twist in the eel center section and orientation exists, 
and the optical different direction component of at least one which reduces the viewing-angle 
dependency of this bend orientation liquid crystal cell A said optical different direction component is 
7<=Z<=10 (ndx, ndy, and ndz), when it considers as Z=(ndx~ndz)/(ndx-ndy). The refractive-index 
component of x of total of the product of the refractive index of the thickness (unit: micrometer) of the 
said optical different direction component in the direction of a normal of said substrate when said 
substrate and the said optical different direction component have been mostly arranged to parallel, and 
a said optical different direction component, y, and the direction of z is expressed, ndx and ndy The 
refractive-index component of the said optical different direction component in the field inboard of a 
field almost vertical to the thickness direction of a said optical different direction component is 
expressed, and they are ndx and ndy. It is mutually vertical, ndz The refractive-index component of the 
said optical different direction component of the thickness direction of a said optical different direction 
component is expressed. Liquid crystal electro-optic device characterized by becoming. 
[Claim 2] The liquid crystal cell which arranges two substrates which have the electrode with which an 
electrical potential difference is impressed to one principal plane so that said principal plane may 
counter and by which the liquid crystal layer was pinched between these two substrates, Two polarizing 
plates arranged so that said liquid crystal cell may be pinched, said polarizing plate, and the optical 
different direction component arranged between said liquid crystal cells, It has the driving means which 
is connected to said electrode and impresses an electrical potential difference to said liquid crystal layer. 
Said liquid crystal layer The 1st liquid crystal layer field which consists of two or more liquid crystal 
molecules which touch one substrate of said two substrates among the liquid crystal molecules of said 
liquid crystal layer, The 2nd liquid crystal layer field which consists of two or more liquid crystal 
molecules which touch the substrate of another side of said two substrates among the liquid crystal 
molecules of said liquid crystal layer, It consists of the 3rd liquid crystal layer field which consists of two 
or more liquid crystal molecules inserted into said 1st liquid crystal layer field and said 2nd liquid crystal 
layer field among the liquid crystal molecules of said liquid crystal layer. In the time of the 1st electrical- 
potential-difference impression to said electrode, the inclination arranges some liquid crystal molecules 
to the direction of a normal of said substrate, and abbreviation parallel among said two or more liquid 
crystal molecules of said 3rd liquid crystal layer field. In the liquid crystal electro-optic device of the NO 
1 MARI white display mode with which, as for said two or more liquid crystal molecules of said 3rd liquid 
crystal layer field, the inclination is arranged by the direction of a normal of said substrate, and 
abbreviation parallel in the time of the 2nd electrical-potential-difference impression to said electrode 
And a said optical different direction component is Z=(ndx-ndz)/(ndx-ndy). 

When it carries out, it is 7<=Z<=10 (ndx, ndy, and ndz express the refractive-index component of x of 
total of the product of the refractive index of the thickness (unit: micrometer) of the said optical 
different direction component in the direction of a normal of said substrate when said substrate and the 
said optical different direction component have been mostly arranged to parallel, and a said optical 
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different direction component, y, and the direction of z.). ndx and ndy The refractive-index component 

of the said optical different direction component in the field inboard of a field almost vertical to the 
• thickness direction of a said optical different direction component is expressed, and they are ndx and 

ndy. It is mutually vertical, ndz The refractive-index component of the said optical different direction 
m) component of the thickness direction of a said optical different direction component is expressed. Liquid 

crystal electro-optic device characterized by becoming. 

[Claim 3] The liquid crystal electro-optic device according to claim 1 or 2 with which a said optical 
different direction component is characterized by being 8<=Z<=10. 

[Claim 4] The liquid crystal electro-optic device according to claim 2 characterized by considering the 
time of said 1st electrical-potential-difference impression as the time of ON of a display of said liquid 
crystal electro-optic device. 

[Claim 5] The liquid crystal electro-optic device according to claim 2 characterized by displaying in 
between at the time of said 1st electrical-potential-difference impression and the 2nd electrical- 
potential-difference impression. 

[Claim 6] The liquid crystal electro-optic device according to claim 2 characterized by the inclination of 
a liquid crystal molecule changing in the direction of a normal of said substrate of said 3rd liquid crystal 
layer field at the time of said .1 st electrical-potential-difference impression, and the thickness direction 
of said liquid crystal layer pinched between said two substrates centering on the liquid crystal molecule 
arranged to abbreviation parallel gradually toward said each two substrates. 

[Claim 7] The liquid crystal electro-optic device according to claim 2 characterized by the inclination of 

the liquid crystal molecule of the center section of said 3rd liquid crystal layer field in the thickness 

direction of said liquid crystal layer at the time of said 1st electrical-potential-difference impression 

having arranged to the direction of a normal of said substrate, and abbreviation parallel. 

[Claim 8] a said optical different direction component — the ratio of the retardation of said liquid crystal 

cell, and the retardation of the field inboard of an optical different direction component — M — 

M=deltanLC-dLC/(ndx-ndy) 

The liquid crystal electro-optic device according to claim 1 or 2 characterized by being set to 7.5< M<18 
(the refractive index of dLC and said liquid crystal layer being set to deltanLC for the thickness (unit: 
micrometer) of said liquid crystal layer) when it carries out. 

[Claim 9] The liquid crystal electro-optic device according to claim 2 characterized by one of said two 
polarizing plates being a reflecting plate. 

[Claim 10] Said two polarizing plates are liquid crystal electro-optic devices according to claim 2 
characterized by having arranged so that each optical axis may intersect perpendicularly. 
[Claim 11] The liquid crystal electro-optic device according to claim 2 characterized by setting up the 
angle on which each orientation processing direction of said two substrates makes the optical axis of 
said polarizing plate in the direction to which 45 degrees inclined from two bisectrices equally divided 
into two. 

[Claim 12] It is the liquid crystal electro-optic device according to claim 2 which 3 degrees - 8 degrees 
of said two or more liquid crystal molecules of said 3rd liquid crystal layer field lean to the electrode 
surface by abbreviation parallel mutually, and can twist said liquid crystal molecule by the field inboard 
of said substrate toward the substrate of another side from one substrate by the time of no electrical- 
potential-difference impressing to said electrode, arranges at 180 degrees of angle of torsion, and is 
characterized by the torsion ability of liquid crystal being 10 degrees or more 360 degrees or less. 
[Claim 13] A said optical different direction component is a liquid crystal electro-optic device given in 
claim 2 characterized by consisting of combination of two or more phase contrast plates which consist 
of opticals axis of one shaft, and the opticals axis of said at least two phase contrast plates differing, 
claim 8, or claim 12. 

[Claim 14] A said optical different direction component is a liquid crystal electro-optic device given in 
claim 2 characterized by consisting of at least one phase contrast plate which consists of opticals axis 
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of one shaft, and at least one phase contrast plate which consists of biaxial opticals axis, claim 8, or 
claim 12. 

[Claim 15] A said optical different direction component is a liquid crystal electro-optic device given in 
claim 2 characterized by being at least one phase contrast plate whose optical anisotropy is negative in 
the direction of a normal of said substrate when said substrate and the said optical different direction 
component have been mostly arranged to parallel, claim 8, or claim 12. 

[Claim 16] A liquid crystal electro-optic device given in claim 2 characterized by the ability of the 
optical axis of a said optical different direction component to have twisted to the field inboard of said 
substrate, claim 8, or claim 12. 

[Claim 17] A liquid crystal electro-optic device given in claim 2 characterized by the ability of the 
optical axis of a said optical different direction component to have twisted in the direction of a normal of 
said substrate, claim 8, or claim 12. 

[Claim 18] A liquid crystal electro-optic device given in claim 2 characterized by the ability for the 
optical axis of a said optical different direction component to have twisted to the field inboard of said 
substrate, and have twisted also in the direction of a normal of said substrate, claim 8, or claim 12. 
[Claim 19] A liquid crystal electro-optic device given in claim 2 to which torsion of the optical axis of a 
said optical different direction component is characterized by compensating torsion of a liquid crystal 
layer, claim 8, or claim 12. 

[Claim 20] A liquid crystal electro-optic device given in claim 2 to which torsion of the optical axis of a 
said optical different direction component is characterized by compensating torsion of said liquid crystal 
layer in the array condition of said liquid crystal layer taken between the times of the 1st electrical- 
potential-difference impression and the 2nd electrical-potential-difference impression, claim 8, or claim 
12. 

[Claim 21] A liquid crystal electro-optic device given in claim 2 to which torsion of the optical axis of a 
said optical different direction component is characterized by compensating torsion of said liquid crystal 
layer in the array condition of said liquid crystal layer taken at the time of the 1st electrical-potential- 
difference impression, claim 8, or claim 12. 

[Claim 22] A liquid crystal electro-optic device given in claim 2 to which torsion of the optical axis of a 
said optical different direction component is characterized by compensating the optical anisotropy of 
the direction component of a normal of said substrate of said liquid crystal layer, claim 8, or claim 12. 
[Claim 23] A said optical different direction component is a liquid crystal electro-optic device according 
to claim 1 2 characterized by consisting of a polycarbonate, polyarylate, a cholesteric-liquid-crystal 
polymer, or a discotheque liquid crystal polymer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

- [Field of the Invention] Especially this invention relates to the liquid crystal electro-optic device of a 

high-speed response with respect to a liquid crystal electro-optic device. 
. [0002] 

[Description of the Prior Art] As a liquid crystal electro-optic device with which a high-speed response 
is obtained, OCB mode attracts attention. 

[0003] The basic configuration of OCB is explained using drawing 2 . 

[0004] OCB mode has two polarizing plates 60 which have arranged two substrates 51 and 52 with 
which Electrodes 51a and 52a were formed in one principal plane so that a principal plane may counter, 
and have been arranged so that the liquid crystal cell 50 by which the liquid crystal layer 53 was pinched 
between two substrates, and a liquid crystal cell 50 may be ****(ed), polarizing plates 60, and the 
optical different direction component 70 arranged between liquid crystal cells 50. 
[0005] The 1st liquid crystal layer field A which consists of two or more liquid crystal molecule 53a 
which touches one substrate 51 of said two substrates among the liquid crystal molecules of the liquid 
crystal layer 53 as said liquid crystal layer 53 is shown in drawing 2 (a) It consists of the 3rd liquid 
crystal layer field C which consists of two or more liquid crystal molecules inserted into the 2nd liquid 
crystal layer field B which consists of two or more liquid crystal molecule 53b which touches the 
substrate 52 of another side of two substrates among the liquid crystal molecules of a liquid crystal 
layer, the liquid crystal layer field A of [ 1st ] the liquid crystal molecules of the liquid crystal layer 53, 
and the 2nd liquid crystal layer field B. By changing the electrical-potential-difference value impressed 
to an electrode, the liquid crystal molecule of this liquid crystal layer takes an array condition as shown 
in drawing 2 (a), (b) t and (c). 

[0006] The liquid crystal layer in OCB mode has the equal direction of orientation of two substrates; and 
as shown in drawing 2 (a) in the state of no electrical-potential-difference impressing, a spray array 
condition is taken. Some liquid crystal molecules 53c1 of the 3rd liquid crystal layer field C when an 
electrical potential difference is impressed to an electrode, as shown in drawing 2 (b) take the direction 
of a normal of a substrate, and the bend array condition mostly arranged to parallel. Furthermore, 
impression of an electrical potential difference takes the liquid crystal molecule 53c2 of the 3rd liquid 
.crystal layer field C as shown in drawing 2 (c), and the condition that 53c3 has arranged to parallel 
mostly with the direction of a normal of a substrate. It is in liquid crystal display mode of the 
birefringence effectiveness mold which OCB mode displays between each applied voltage in the 
condition of this drawing 2 (b) and (c), and the phase contrast in a liquid crystal layer is changed, and 
displays it by controlling an electrical potential difference, and it is reported that the need that that 
speed of response calls it several ms according to the reference about OCB mode, and sufficient value 
are acquired. 

[0007] It is the description that the liquid crystal molecular arrangement at the time of the display of 
this display mode serves as a configuration with always almost symmetrical upper half of liquid crystal 
and lower half. Therefore, if it is the range of a viewing angle (observation include angle) which becomes 
parallel to the field (the direction of space of drawing 2 ) where a liquid crystal molecule is located in a 
line, the upper half of liquid crystal and a lower half will serve as an almost symmetrical configuration, 
the index ellipsoid of the liquid crystal layer in this case becomes a ball, if it is this range, a viewing- 
angle dependency will almost be lost and a large angle of visibility will be obtained. 
[0008] However, to the viewing angle which is not parallel, the index ellipsoid of a liquid crystal layer 
does not become a ball to the field where liquid crystal is located in a line, but an index ellipsoid deforms 
with an observation include angle, and viewing-angle dependence is produced. 

[0009] Adding the optical different direction component which has the optical axis of two shafts which 
optimized the refractive index of the thickness direction as an approach of solving the problem of such 
an angle of visibility is reported (Miyashita et al., Eurodisplay'93, pp 149-152). 
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[0010] Moreover, in order to obtain a good black display in OCB mode, the no MARI White mode display 
given black by the high-tension side is desirable. Liquid crystal molecule 53c of the 3rd liquid crystal 
• layer field C becomes parallel to the direction of a normal of a substrate mostly, namely, this uses for a 
black display the condition that the liquid crystal molecule started mostly, as an electrical potential 
difference is impressed and a liquid crystal molecule shows drawing 2 (c), and since the phase contrast 
of a liquid crystal layer is a comparatively small value in this condition, the homogeneity of the black 
obtained by intersecting perpendicularly in a polarizing plate is good. 
[0011] 

[Problem(s) to be Solved by the Invention] As mentioned above, although LCD in OCB mode is 
mentioned for obtaining an extensive viewing angle and a high-speed response and a good black display 
is obtained, a normally white mode display is desirable. And it becomes important to select an optical 
different direction component which compensates the index ellipsoid of a liquid crystal layer for 
compensating a viewing angle, and serves as a ball. 

[0012] This invention aims at offering a liquid crystal electro-optic device with the optimal optical 
different direction component for the OCB mode of a normally white mode display, and the mode of the 
resemblance. In addition, OCB mode and the similar mode have the array condition which some liquid 
crystal molecules 53c1 of the 3rd liquid crystal layer field C as the liquid crystal layer 53 shows to 
drawing 2 (b) have arranged to parallel mostly with the direction of a normal of a substrate. The liquid 
crystal molecule 53c2 of the 3rd liquid crystal layer field C as further applied an electrical potential 
difference to the liquid crystal layer of this array condition and shown in drawing 2 (c), and a liquid 
crystal electro-optic device with the condition that 53c3 has arranged to parallel mostly with the 
direction of a normal of a substrate are said. For example, if the liquid crystal which gave chiral ability to 
the liquid crystal cell which performed the same orientation processing as OCB mode is put in, at the 
time of no electrical-potentiakdifference impressing, the array of 180-degree twist will be acquired in a 
uniform array. Impression of a big electrical potential difference acquires the above-mentioned bend 
array easily to such an array. 
[0013] 

[Means for Solving the Problem] In the liquid crystal electro-optic device equipped with the bend 
orientation liquid crystal cell containing the liquid crystal cell in which the liquid crystal electro-optic 
device of this invention can be twisted in the eel center section, and orientation exists, and the optical 
different direction component which reduces the viewing-angle dependency of this bend orientation 
liquid crystal cell A said optical different direction component is 7<=Z<=10 (ndx, ndy, and ndz), when it 
considers as Z=(ndx-ndz)/(ndx-ndy). The refractive-index component of x of total of the product of the 
refractive index of the thickness (unit: micrometer) of the said optical different direction component in 
the direction of a normal of said substrate when said substrate and the said optical different direction 
component have been mostly arranged to parallel, and a said optical different direction component, y, 
and the direction of z is expressed. Although n is a refractive index and d is thickness, an optical 
different direction component may consist of two or more sheets, and expresses the total, dx and ndy 
The refractive-index component of the said optical different direction component in the field inboard of 
a field (xy side) almost vertical to the thickness direction of a said optical different direction component 
is expressed, and they are ndx and ndy. It is mutually vertical, ndz The refractive-index component of 
the said optical different direction component of the thickness direction (the direction of z) of a said 
optical different direction component is expressed. The liquid crystal electro-optic device characterized 
by becoming is offered. 

[0014] Namely, the liquid crystal layer of the bend orientation liquid crystal cell of this liquid crystal 
electro-optic device The 1st liquid crystal layer field which consists of two or more liquid crystal 
molecules which touch one substrate of two substrates among the liquid crystal molecules of a liquid 
crystal layer, It consists of the 3rd liquid crystal layer field which consists of two or more liquid crystal 
molecules inserted into the 2nd liquid crystal layer field which consists of two or more liquid crystal 
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molecules which touch the substrate of another side of said two substrates among the liquid crystal 
molecules of a liquid crystal layer, and the liquid crystal layer field of [ 1st ] the liquid crystal molecules 
- of a liquid crystal layer and the 2nd liquid crystal layer field. In the time of the 1st electrical-potential- 
difference impression to an electrode, the inclination of some liquid crystal molecules of two or more 
liquid crystal molecules of the 3rd liquid crystal layer field arranges a liquid crystal layer to the direction 
of a normal of a substrate, and abbreviation parallel, and, as for the liquid crystal layer, the inclination is 
arranged by the direction of a normal of said substrate, and abbreviation parallel in the time of the 2nd 
electrical-potential-difference impression to an electrode, as for said two or more liquid crystal 
molecules of said 3rd liquid crystal layer field. 

[0015] And an optical different direction component is characterized by compensating the optical 
anisotropy of the thickness direction component of the liquid crystal layer ****(ed) by said two 
substrates of the liquid crystal layer at the time of said 2nd electrical-potential-difference impression in 
the direction to which it inclined to the direction of a normal of a substrate. That is, in the mode similar 
to the OCB mode and OCB mode of this invention, as for the liquid crystal molecule except the liquid 
crystal molecule near a substrate, to the direction of a normal of a substrate, since it is almost parallel, 
in the time of the 2nd electrical-potential-difference impression, a refractive-index anisotropy becomes 
very large at the optical anisotropy component of the direction of a normal of a substrate, i.e., the 
thickness direction of a liquid crystal layer. An optical different direction component is arranged and the 
optical anisotropy of the liquid crystal layer of the thickness direction component of such a liquid crystal 
layer in the direction to which it inclined to the direction of a normal of a substrate is compensated with 
this invention. 

[0016] The liquid crystal electro-optic device in the mode which was similar to OCB mode in the array 
condition of the liquid crystal layer of this invention is mentioned as an example, and is explained using 
drawing 1 . • * 

[0017] As shown in drawing 1 (a), the liquid crystal layer 13 consists of two or more liquid crystal 
molecules. This liquid crystal layer 13 The 1st liquid crystal layer field A which consists of two or more 
liquid crystal molecule 13a which touches one substrate 11 of two substrates, i.e., a substrate with 
electrode 11a It consists of the 3rd liquid crystal layer field C which consists of two or more liquid 
crystal molecule 13c inserted into the 2nd liquid crystal layer field B and the 1st liquid crystal layer field 
which consist of two or more liquid crystal molecule 13b which touches the substrate 12 which is 
another side of two substrates and has electrode 12a, and the 2nd liquid crystal layer field. And drawing 
J[ (a) shows the array of the liquid crystal molecule at the time of no electrical-potential-difference 
impressing to an electrode for an electrical potential difference, drawing 1 (b) shows the 1st electrical- 
potential-difference impression condition to an electrode, and drawing 1 (c) shows the 2nd electrical- 
potential-difference impression condition to an electrode. 

[0018] As shown in drawing 1 (a), the time [ of no electrical-potential-difference impressing from the 
electrical-potential-difference driving source 40 to the electrodes 11a and 12a connected to the 
electrode ], two or more liquid crystal molecule 13c of the 3rd liquid crystal layer field C is abbreviation 
parallel mutually, and from one substrate, could be twisted by the field inboard of said substrate toward 
the substrate of another side, and is arranged. f 

[0019] As shown in drawing 1 (b), the inclination of some liquid crystal molecules 13c1 of the center of a 
layer has arranged to the direction of a normal of a substrate, and abbreviation parallel among two or 
more liquid crystal molecules of the 3rd liquid crystal layer field C the time [ of the 1st electrical- 
potential-difference impression to Electrodes 1 1a and 12a ]. At the time of this 1st electrical-potential- 
difference impression, it is a time of enlarging applied voltage to liquid crystal further from the condition 
that change by the applied voltage of the phase contrast of the liquid crystal cell to which the direction 
of a normal of a substrate and abbreviation parallel, i.e., a liquid crystal molecule, began to start [ a liquid 
crystal molecule ] is rapid, above threshold voltage. 

[0020] Next, as shown in drawing 1 (c), in the time of the 2nd electrical-potential-difference impression 
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to Electrodes 1 1a and 12a, two or more liquid crystal molecules 13c2 of the side which touches the 
electrode of the 3rd liquid crystal layer field, and the inclination of 13c3 have arranged to the direction 

• of a normal of a substrate, and abbreviation parallel. At the time of this 2nd electrical-potential- 
difference impression, it will be in the condition to which the electrical potential difference was further 

. applied rather than the time of the 1st electrical-potential-difference impression, and it will be in the 
liquid crystal molecule 13c2 of the 3rd liquid crystal layer field and the condition which 13c3 has 
arranged to parallel mostly with the direction of a normal of said substrate, i.e., the condition that liquid 
crystal started, at this time. 

[0021] In the mode and OCB mode of resemblance in such OCB mode, the upper half and lower half of a 
liquid crystal layer serve as a bend array of the symmetry mostly bordering on near the center of a 
liquid crystal layer in the state of the array as shown in drawing 1 (b) and (c) in two substrates 1 1 and 
the direction of a liquid crystal bed depth which ****(ed) the liquid crystal layer 13 among 12. For this 
reason, if it is the range of a viewing angle (observation include angle) where a liquid crystal molecule 
becomes almost parallel to the flat surface 40 located in a line in the thickness direction as shown in 
drawing 4 , the upper half of liquid crystal and a lower half will serve as an almost symmetrical 
configuration, the index ellipsoid showing the optical anisotropy of the liquid crystal layer in this case 
becomes a ball, if it is this range, a viewing-angle dependency will almost be lost and a large angle of * 
visibility will be obtained. On the other hand, the index ellipsoid of a liquid crystal layer does not become 
a ball to the viewing angle which is not parallel to the flat surface 40 shown in drawing 4 R> 4, but an 
index ellipsoid deforms with an observation include angle, and viewing-angle dependence is produced. 
[0022] By compensating the optical anisotropy of such a liquid crystal layer, this invention can acquire a 
larger viewing angle. 

[0023] That is, the liquid crystal electro-optic device of this invention has an optical different direction 
component with the negative optical anisotropy which has a biaxial optical axis with the following 
refractive-index ellipse multiplier Z value. 

[0024] the time of considering as Z=(ndx-ndz)/(ndx-ndy) — 7<=Z<=10 — here — ndx, ndy, and ndz The 
refractive-index component of x of total of the product of the refractive index of the thickness (unit: 
micrometer) of the said optical different direction component in the direction of a normal of said 
substrate when the substrate and the optical different direction component have been mostly arranged 
to parallel, and a said optical different direction component, y, and the direction of z is expressed, ndx 
and ndy The refractive-index component of the said optical different direction component in the field 
inboard of a field almost vertical to the thickness direction of a said optical different direction 
component is expressed, and they are ndx and ndy. It is mutually vertical, ndz The refractive-index 
component of the said optical different direction component of the thickness direction of a said optical 
different direction component is expressed. 

[0025] In the case of the orientation which the liquid crystal layer of a liquid crystal cell showed to 
drawing 4 , this equivalent index ellipsoid is nzLC >nxLC >nyl_C, as shown in drawing 5 , and if it 
compares so that clearly from xz side which is each cross section of the ellipsoid RL of drawing 5 , yz 
side, and xy side, the "Rugby ball" will become the configuration compressed in the direction of y. 
[0026] As shown in drawing 6 , as for the index ellipsoid RC of an optical different direction component 
which compensates this, it is desirable to make it the configuration which compressed the direction z of 
a major axis of the "Rugby ball" into drawing 5 and reverse rather than biaxial [ other ], and lengthened 
the direction of y among biaxial [ other ]. 

[0027] It is Z=(nxC-nzC)/(nxC-nyC) when this index ellipsoid is expressed to the formula of a refractive 
index. 

It is nzC here. <nxC It is 12<nyC. 

[0028] Here, it is nz. It depends for magnitude on the inclination, i.e., the pre tilt angle, of the liquid 
crystal molecules 13a and 13b of the fields A and B which touch the substrate of the liquid crystal layer 
1 3 of drawing 1 . 
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[0029] Although it is desired for a pre tilt angle and the thickness of a liquid crystal layer to be uniform 
in order to obtain a homogeneity display, a fabrication is difficult for it as the pre tilt angle which can be 
- made into homogeneity becomes high, and at most 8 times are a limitation. Therefore, Z value changes 
with pre tilt angles, and is set to 7<=Z<=10 in the range of a realizable pre tilt angle. 
[0030] The liquid crystal electro-optic device which has arranged such an optical different direction 
component fits the Nor Marie White display in OCB mode and the mode it and resemblance. The optical 
anisotropy of the liquid crystal layer of the thickness direction component of such a liquid crystal layer 
in the direction to which it inclined to the direction of a normal of a substrate can be compensated by 
this, and a viewing angle can be made large more. If it is this within the limits, a viewing angle will be 
large and very little outstanding display engine performance of a reversal field will be obtained. If the 
value of Z becomes less than seven, a reversal field will become large and the range where a contrast 
ratio is good will also become narrow. Moreover, if it becomes larger than 10, a reversal field will 
increase again. 

[0031] Furthermore, it is more desirable that the value of Z is 8<=Z<=10 in this invention. 
[0032] In this invention, in order to obtain a larger angle of visibility, the optical different direction 
component of the conditions described previously is used for display-mode OCB and this which were 
similar with OCB and this, and a similar display mode. Furthermore, in this invention, it found out that 
driver voltage was made into practical use within the limits, and a bright display could be performed by 
setting the relation between the retardation of an optical different direction component, and the 
retardation of a liquid crystal cell as specific conditions. 

[0033] All of OCB and this, and a similar display mode. are in birefringence mode, and the permeability T 
of the liquid crystal cell is expressed with a degree type. 
[0034] T=sin2 (R/pilambda) (1) 

(1) A formula is a crossed Nicol and an optical axis expresses a permeability shaft and the permeability 
at the time of 45 degrees. R is the retardation value of the optically anisotropic body which exists 
between polarizing plates, and lambda is light source wavelength. 

[0035] The sense of the optical axis of an optical different direction component is vertical to the sense 
of the rubbing shaft of a liquid crystal cell. In such arrangement, the total retardation value is the 
retardation RLC of a liquid crystal cell, and the retardation Rfxy of an optical different direction 
component. Becoming the difference of each retardation value, the parameter R in a formula (1) is 

R=RLC-Rfxy. (2) 

It becomes. 

[0036] Therefore, the transmission of a liquid crystal cell is decided by the difference of the retardation 
of a liquid crystal cell, and the retardation of the field inboard of an optical different direction component 
from (2) types. That is, the retardation of the field inboard of an optical different direction component 
influences the brightness of a display. 

[0037] The retardation of a liquid crystal cell changes with the electrical potential differences impressed 
to a liquid crystal layer. When the electrical potential difference of a liquid crystal cell changes and the 
retardation of a liquid crystal cell and the retardation of the field inboard of an optical different direction 
component become equal, the total retardation serves as zero and a black display is obtained. 
[0038] That is, the field inboard retardation of an optical different direction component influences the 
electrical-potential-difference value from which a black display is obtained. Then, M was defined as 
follows as Ratio M, i.e., the retardation ratio, of the field inboard retardation of an optical different 
direction component, and the field inboard retardation of an optical different direction component, and 
these effects were investigated. 
[0039] 

M=RLC/Rfxy =deltanl_Cxdl_C/(ndx-ndy) — (3) 

Here, deltanLC is the refractive-index difference of liquid crystal, and dLC is the thickness of a liquid 
crystal layer. 
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[0040] The dependency to the electro-optics property over the retardation ratio M is shown in drawing 
11 . If the value of M becomes 7.5 or less, since permeability will fall, a contrast ratio falls and display 
grace deteriorates. Moreover, although permeability will increase and display grace will become good if M 
becomes 18 or more, a black display electrical potential difference becomes high too much more than 
with 10V, and the special high proof-pressure integrated circuit for the increment in power consumption 
or high-tension impression is not needed and practical. Therefore, the retardation ratio M which can 
attain good brightness and a practical black display electrical potential difference is 7.5< M<18. 
[0041] Moreover, as for the liquid crystal electro-optic device of this invention, it is desirable that an 
optical different direction component sets to 0.022 <=ndx-ndy <=0. 6670.1 5<ndx-ndz <6.7. Thereby, when 
the value of **nLC-dLC of a liquid crystal layer sets to 0.3 micrometers or more 5 micrometers or less, 
the liquid crystal electro-optic device which has the optimal optical different direction component can 
be obtained. 

[0042] Moreover, the liquid crystal electro-optic device of this invention can use one of two polarizing 
plates as a reflecting plate. 

[0043] In this case, since light passes equipment twice, the lower limit of (ndx-ndy) is set to 0.01 1 . 
[0044] Moreover, in the time of the 1st electrical-potential-difference impression, if the time of the 1st 
electrical-potential-difference impression is the time of ON of a display of a liquid crystal electro-optic 
device, since the inclination of a part of liquid crystal molecule 9a has arranged to the direction of a 
normal of a substrate, and abbreviation parallel among the liquid crystal molecules of the plurality 
[ condition / of a liquid crystal layer / array ] of the 3rd liquid crystal layer field C, the liquid crystal 
electro-optic device of this invention can obtain the display of a high-speed response. 
[0045] Moreover, the liquid crystal electro-optic device of this invention is characterized by displaying in 
between at the time of the 1st electrical-potential-difference impression and the 2nd electrical- 
potential-difference impression. Thereby, the display of a high-speed response can be obtained. 

[0046] Moreover, the liquid crystal optical element of this invention is characterized by the inclination of 
a liquid crystal molecule changing in the direction of a normal of said substrate of the 3rd liquid crystal 
layer field at the time of the 1st electrical-potential-difference impression, and the thickness direction 
of the liquid crystal layer pinched between two substrates centering on the liquid crystal molecule 
arranged to abbreviation parallel gradually toward each two substrates. 

[0047] Moreover, the liquid crystal optical element of this invention is characterized by the inclination of 
the liquid crystal molecule of the center section of the 3rd liquid crystal layer field in the thickness 
direction of the liquid crystal layer at the time of the 1st electrical-potential-difference impression 
having arranged to the direction of a normal of a substrate, and abbreviation parallel. 
[0048] Moreover, the liquid crystal electro-optic device of this invention is characterized by arranging 
two polarizing plates so that each optical axis may intersect perpendicularly. Thus, by setting up and 
setting up the refractive-index ellipse multiplier Z and the value of the retardation ratio M as mentioned 
above, it is at the electrical-potential-difference impression time of ** a 2nd, and a good black display 
can be obtained. 

[0049] Since good black is obtained in order to obtain a good contrast ratio, i.e., it is needed that 
permeability is low although it can display by both when the time of two polarizing plates intersecting 
perpendicularly is compared with the parallel time, it is more desirable that a polarizing plate is in a 
rectangular condition. For a polarizing plate, this is for the effect of wavelength dispersion to come out 
in the case of black in the state of parallel. Although a polarizing plate is considered that a contrast ratio 
falls in the state of parallel, it is easy to make permeability high. 

[0050] It is characterized by setting up the angle on which each orientation processing direction of said 
two substrates makes the optical axis of a polarizing plate in the direction to which 45 degrees inclined 
from two bisectrices equally divided into two. This can obtain the maximum permeability by setting up in 
this way, when two polarizing plates have been arranged to the rectangular cross, or when it has 
arranged to parallel. 



[0051] The array condition of the liquid crystal layer in the mode of resemblance in concrete OCB mode 
and OCB mode applicable to the above liquid crystal electro-optic device is shown below. In addition, 
- also when one of two polarizing plates is used as a reflecting plate, it can apply. In this case, since the 
light which carried out incidence to the liquid crystal cell will pass thickness twice the distance of liquid 
crystal, compared with a transparency mold, liquid crystal thickness is made in abbreviation half by it, 
and it can expect the further improvement of a speed of response. 

[0052] The liquid crystal molecule of the liquid crystal layer which arranges the liquid crystal electro- 
optic device of this invention toward the substrate of another side from one substrate of two substrates 
is characterized by carrying out the spray array at the time of no electrical-potential-difference 
impressing. That is, it is applicable to OCB mode. 

[0053] Furthermore, one mode of the liquid crystal electro-optic device of this invention is the torsion 
ability theta 0 of the field inboard in said substrate of the liquid crystal molecule of the liquid crystal 
layer arranged toward the substrate of another side from one substrate of two substrates. It is thetaO 
=0 degree. 

[0054] Torsion ability can show spontaneous angle of torsion which the liquid crystal itself has, and 
generally can twist it here, and ability can be controlled by mixed concentration of a cholesteric-liquid- 
crystal constituent. 

[0055] Furthermore, other modes of the liquid crystal electro-optic device of this invention are 
characterized by the torsion ability theta 0 of the field inboard in the substrate of the liquid crystal 
molecule of the liquid crystal layer arranged toward the substrate of another side from one two 
substrates being thetaO >0 degree, thus, torsion ability theta 0 theta — by making it 0 > 0 degree, 
compared with the time of the transit time in the condition that the inclination of two or more liquid 
crystal molecules of the one section of the 3rd liquid crystal layer field at the time of the 1st electrical- 
potential-difference impression has arranged to the direction of a normal of a substrate and abbreviation * 
parallel from the spray orientation condition at the time of no electrical-potential-difference impressing 
being thetaO =0 degree, it can be markedly alike and can carry out early. 

[0056] Furthermore, other modes of the liquid crystal electro-optic device of this invention are the 
torsion ability theta 0 of the field inboard in the substrate of the liquid crystal molecule of the liquid 
crystal layer arranged toward the substrate of another side from one substrate of two substrates. It is 
characterized by differing with the substrate whose pre tilt angle it is thetaO =90 degree and is two 
sheets. An indication is given possible by making it differ with the substrate whose pre tilt angle is two 
sheets at the time of thetaO =90 degree. 

[0057] Furthermore, other modes of the liquid crystal electro-optic device of this invention are 
characterized by the torsion ability theta of the field inboard in the substrate of the liquid crystal 
molecule of the liquid crystal layer arranged toward the substrate of another side from one substrate of 
two substrates being theta= 180 degrees. When the back flow effectiveness is considered, it is most 
desirable that it is 175 degrees - 185 degrees whose torsion ability is 180 degrees and the order of 
those. Here, Buck Flo-effectiveness is explained. For example, the liquid crystal molecule with which it 
started near [ when the electrical potential difference is built ] the center a little is pulled back by 
cutting an electrical potential difference by the liquid crystal molecule in the condition that near the 
substrate is sleeping. However, it is barred that the liquid crystal molecule of a part with which near the 
center started will be slept with the liquid crystal molecule near the center, and return becomes late. 
This is called back flow effectiveness. In a bend array, this back flow effectiveness is lost, but when 
[ from which liquid crystal removed 1 80 degrees of distorted conditions ] it can twist and a condition 
. arises, this back flow effectiveness occurs. 

[0058] Moreover, the liquid crystal electro-optic device of this invention is characterized by for two or 
more liquid crystal molecules of said 3rd liquid crystal layer field being abbreviation parallel mutually, and 
being able to twist them by the field inboard of a substrate toward the substrate of another side, and 
arranging them from one substrate, the time [ of no electrical-potential-difference impressing to an 
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electrode ]. That is, it is OCB mode and the similar mode and this invention can be applied even in this 
case. In this case, a high-speed response is attained in a viewing area like OCB mode. 
• [0059] Furthermore, as OCB mode and the similar mode, angle-of-torsion theta of the field inboard in 
the substrate of the liquid crystal molecule of the liquid crystal layer arranged toward the substrate of 
another side from one substrate of two substrates is 90 degrees of abbreviation, and 270 degrees of . 
abbreviation, and the liquid crystal electro-optic device of this invention is characterized by the pre tilt 
angles of a liquid crystal layer differing with said substrate they are [ substrate ] two sheets. In this 
case, in the field in the condition that the liquid crystal molecule near the center of a liquid crystal layer 
started [ angle-of-torsion theta ] in the case of 90 degrees or 270 degrees, when the pre tilt angle of 
the liquid crystal molecule in a two substrates front face is equal, the magnitude of the phase contrast 
in the upper half and lower half of a liquid crystal layer becomes equal, and, moreover, that direction has 
become about 90 degrees mutually. For this reason, the phase contrast as the whole eel serves as 
relation which the upper half and lower half of a eel compensate mutually. For this reason, an optical 
response cannot be changed, even if it makes applied voltage increase further and drives a liquid crystal 
molecule. On the other hand, by changing a pre tilt angle between two substrates, since arrays differ an 
upper half and in the lower half of a eel, even when phase contrast arises and a pre tilt angle impresses 
the saturation voltage of an equal eel between two substrates, the display of** can be performed. 
Therefore, further, by impressing an electrical potential difference, the display of dark is obtained and a 
high-speed display is attained. It is effective to change the magnitude of the pre tilt angle of two 
substrates in the case of 85 degrees - 95 degrees except 90 degrees of angle of torsion from which the 
phase contrast as such a whole eel serves as relation which the upper half and lower half of a eel 
compensate mutually, the case of 270 degrees, and 90 degrees of strong angle of torsion of the 
inclination used as such relation, and 265 degrees - 275 degrees except 270 degrees of angle of torsion. 
[0060] Moreover,- other modes of the liquid crystal electro-optic device of this invention are 
characterized by a liquid crystal layer not impressing an electrical potential difference at the time of the 
1st electrical-potential-difference impression. That is, at the time of no electrical-potential-difference 
impressing, the inclination of two or more liquid crystal molecules of the one section of the 3rd liquid 
crystal layer field is in the condition of having arranged to the direction of a normal of a substrate, and 
abbreviation parallel, it is OCB mode and the similar mode and this invention can be applied even in this 
case. 

[0061] The optical different direction component used for the liquid crystal electro-optic device of this 
invention is shown below. 

[0062] It is characterized by an optical different direction component being at least one phase contrast 
plate which consists of biaxial opticals axis. 

[0063] Moreover, one mode of an optical different direction component when the range of Z of this 
invention is unrealizable only by one sheet consists of combination of two or more phase contrast plates 
which consist of opticals axis of one shaft, and is characterized by the opticals axis of at least two 
phase contrast plates differing. 

[0064] Moreover, when the range of the value of Z cannot be realized in the combination of the optical 
different direction component of one shaft, one mode of an optical different direction component is 
characterized by consisting of at least one phase contrast plate which consists of opticals axis of one 
shaft, and at least one phase contrast plate which consists of biaxial opticals axis. 
[0065] Moreover, other modes of an optical different direction component are characterized by an 
optical anisotropy consisting of at least one phase contrast plate which is negative in the direction of a 
normal of a substrate when the substrate and the optical different direction component have been 
mostly arranged to parallel. 

[0066] Moreover, other modes of an optical different direction component are characterized by the 
ability to have twisted torsion of the optical axis of an optical different direction component in the 
direction of both the field inboard of a substrate, the direction of a normal of a substrate, or the field 
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inboard of a substrate and the direction of a normal to compensate the optical effectiveness of torsion 
of a liquid crystal cell better. 
- [0067] Such an optical different direction component compensates torsion of a liquid crystal layer, or 
compensates the optical anisotropy of the direction component of a normal of the substrate of a liquid 
crystal layer. 

[0068] As mentioned above, what is necessary is just to make it an optical different direction 
component have a biaxial optical axis for a phase contrast plate and a negative phase contrast plate 
with one shaft or a biaxial optical axis as an optical different direction component independent or by 
combining in this invention. For example, if it is the case where two or more phase contrast plates which 
have the optical axis of one shaft are combined, it arranges so that the optical axis of at least two 
phase contrast plates may not be in agreement, and it is necessary to make it have a biaxial optical axis 
as an optical different direction component. 

[0069] Moreover, the optical effect by torsion of a liquid crystal layer can be compensated by giving 
torsion to the optical axis of an optical different direction component so that torsion by both the field 
inboard of the substrate of the liquid crystal molecule of a liquid crystal layer, the direction of a normal 
of a substrate, or the field inboard of a substrate and the direction of a normal may be compensated. In 
this case, selectively or almost on the whole, a liquid crystal layer includes the case where the liquid 
crystal molecule has twisted in the field inboard of a substrate, the direction of a normal, or the 
direction of those both, continuously or gradually toward the substrate of another side from one 
substrate. 

[0070] Moreover, the optical anisotropy of the **** direction component of the substrate of a liquid 
crystal layer can be compensated by giving torsion to the optical axis of an optical different direction 
component so that it may become equivalent on the phase contrast plate which is negative, and an 
optical property at the direction component of a normal of the substrate of a liquid crystal layer. In this 
case, angle of torsion of an optical axis is large, for example, the optical axis which twisted the optical 
axis of an optical different direction component to the field inboard of a substrate can realize. 
[0071] As construction material of a phase contrast plate, a polycarbonate, polyarylate, etc. can use 
phase contrast plates, such as a cholesteric-liquid-crystal polymer and a discotheque liquid crystal 
polymer, in order to give torsion to an optical axis as an optical different direction component, but if the 
above-mentioned property is acquired, it will not be limited to these ingredients. 
[0072] 

[Embodiment of the Invention] Angle-of-torsion theta of the field inboard in the substrate of the liquid 
crystal molecule of said liquid crystal layer with which the liquid crystal molecule comrade has arranged 
mostly the example of the liquid crystal electro-optic device of this invention to parallel, and the liquid 
crystal molecule of a liquid crystal layer arranges [ below, ] it toward the substrate of another side from 
one substrate of two substrates at the time of no electrical-potential-difference impressing mentions as 
an example the case where it is theta= 180 degrees, and explains it to a detail. 

[0073] (Example 1) As shown in drawing 3 and drawing 4 , the liquid crystal electro-optic device 1 of this 
example consists of a liquid crystal cell 10, two polarizing plates 20 whose liquid crystal cell 10 of this is 
pinched and a liquid crystal cell, an optical different direction component 30 pinched with one polarizing 
plate, and an electrical-potential-difference driving source 40. 

[0074] A liquid crystal cell 10 arranges the 1st substrate 1 1 with which electrode 1 1a was formed in one 
principal plane, and the 2nd substrate 12 with which electrode 12a was formed in one principal plane so 
that an electrode may counter, and it is pinching the liquid crystal layer 13 between two substrates 11 
and 12. This equipment is a liquid crystal electro-optic device of a normally white display. The optical 
different direction component 30 has compensated the optical anisotropy of the liquid crystal layer 13. 
[0075] As shown in drawing 1 , the liquid crystal layer 13 consists of two or more liquid crystal 
molecules. This liquid crystal layer 13 The 1st liquid crystal layer field A which consists of two or more 
liquid crystal molecule 13a which touches one substrate 11 of two substrates It consists of the 3rd 
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liquid crystal layer field C which consists of two or more liquid crystal molecule 13c inserted into the 
2nd liquid crystal layer field B and the 1st liquid crystal layer field which consist of two or more liquid 
* crystal molecule 13b which touches the substrate 12 of another side of two substrates, and the 2nd 
liquid crystal layer field. And drawing 1 (a) shows the array of the liquid crystal molecule at the time of 
no electrical-potential-difference impressing to an electrode for an electrical potential difference, 
drawing 1 (b) shows the 1 st electrical-potential-difference impression condition to an electrode, and 
drawing 1 (c) shows the 2nd electrical-potential-difference impression condition to an electrode. 
[0076] As shown in drawing 1 (a), the time [ of no electrical-potential-difference impressing from the 
electrical-potential-difference driving source 40 to Electrodes 1 1a and 12a ], two or more liquid crystal 
molecule 13c of the 3rd liquid crystal layer field C is abbreviation parallel mutually, and from one 
substrate, could be twisted by the field inboard of said substrate toward the substrate of another side, 
and is arranged. 

[0077] As shown in drawing 1 (b), the inclination of some liquid crystal molecules 13c1 has arranged to 
the direction of a normal of a substrate, and abbreviation parallel among two or more liquid crystal 
molecules of the 3rd liquid crystal layer field C the time [ of the 1st electrical-potential-difference 
impression to an electrode ]. At the time of this 1st electrical-potential-difference impression, it is a 
time of enlarging applied voltage to liquid crystal further from the condition that change by the applied 
voltage of the phase contrast of the liquid crystal cell to which the direction of a normal of a substrate 
and abbreviation parallel, i.e., a liquid crystal molecule, began to start [ a liquid crystal molecule ] is rapid, 
above threshold voltage. 

[0078] As shown in drawing 1 (c), the inclination of two or more liquid crystal molecules 13c1 of the 3rd 
liquid crystal layer field, 13c2, and 13c3 has arranged to the direction of a normal of a substrate, and 
abbreviation parallel the time [ of the 2nd electrical-potential-difference impression to an electrode ]. At 
the time of this 2nd electrical-potential-difference impression, it will be in the condition to which the 
electrical potential difference was further applied rather than the time of the 1st electrical-potential- 
difference impression, and it will be in the condition which liquid crystal molecule 13c of the 3rd liquid 
crystal layer field has arranged to parallel mostly with the direction of a normal of said substrate at this 
time, i.e., the condition that liquid crystal started. 

[0079] The liquid crystal cell 10 which ****(ed) this liquid crystal layer 13 with two substrates is shown 
in drawing 3 . As shown in drawing, a liquid crystal cell 10 arranges two substrates of the opposite 
substrate 11 with which electrode 11a was formed on the 1 principal plane of the array substrate 12 
with which electrode 12a was formed in one principal plane of a glass substrate, and a glass substrate 
so that a principal plane may counter, and it comes to pinch the pneumatic liquid crystal layer 13 
between two substrates. 

[0080] As shown in drawing 3 , pixel electrode 12a which two or more signal line (not shown) and two or 
more scanning lines (not shown) were arranged on the glass substrate by the shape of a matrix, and the 
array substrate 12 connected with TFT12b of polish recon at this TFT corresponding to these 
intersections, and was formed is formed, and orientation film 12c is formed on these. On the other hand, 
light filter 1 1b to which the opposite substrate 1 1 consists of red, green, and blue three primary colors 
on a glass substrate corresponding to each pixel electrode 12a of said array substrate 11, and black 
matrix 1 1c formed so that color FURUTA of each [ these ] color might be divided are formed, and 
sequential formation of ITO electrode 1 1a and the 1 1d of the orientation film is carried out on these. 
[0081] Next, the manufacture approach and the method of presentation are explained. 
[0082] The array substrate 12 whose numbers of pixels are length 480 and 640x3 pixels wide in which 
gate line [ which are poly-Si TFT 3 and the scanning line (not shown) ], signal-line (not shown), and pixel 
electrode 12a was formed on the glass substrate was formed. 

[0083] Next, light filter 1 1 b which consists of red, green, and blue three primary colors on a glass 
substrate corresponding to each pixel electrode of the array substrate 12, and black matrix 11c formed 
so that color FURUTA of each [ these ] color might be divided were formed, on this, ITO electrode 11a 
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was formed and the opposite substrate 1 1 was formed. It supposes respectively that it is orientation film 
12c and 1 1 d on these two array substrates 12 and opposite substrates 11, and is polyimide (SE-5211, 
- the Nissan Chemistry company make.). The pre tilt angle of about 5 degrees was applied and formed at 
the thickness of 80nm. Here, pixel pitches are 0.33mm long and 0.1 1mm wide. Then, when said 
orientation film had been arranged so that parallel and two substrates 1 1, and each electrodes 1 1a and 
12a on 12 may counter the scanning line, rubbing of it was carried out in the direction in which the 
direction RA of rubbing of two substrates is parallel mutually. 

[0084] Next, it is a spherical particle (the micro pearl SP, Product made from the Sekisui Fine chemical) 
with a diameter of 7.1 micrometers 80 pieces/mm to the principal plane of one substrate as a spacer 
(not shown) on the array substrate 12 2 It sprinkled by the consistency. The periphery of the effective 
viewing area of another opposite substrate 1 1 was applied with screen printing except for opening for 
liquid crystal impregnation of the adhesives (XN-21, Mitsui Toatsu Chemicals, Inc. make) of an epoxy. 
resin. Then, in the condition of having made said orientation film the array substrate 12 and the opposite 
substrate 1 1 countering, it heated and pasted up, pressurizing and superposition and the liquid crystal 
cell 10 whose eel gap is 7.1 micrometers were produced. 

[0085] And it is a pneumatic liquid crystal constituent (ZLM 132 and E.Merck, shrine make) as a liquid 
crystal constituent 13 to this liquid crystal cell. What added the chiral agent (S81 1 and E.Merck shrine 
make) was poured into deltan=0.14 by the vacuum pouring-in method, and the inlet of the liquid crystal 
after impregnation was closed with ultraviolet-rays hardening resin (UV-1000, Sony Chemicals Make). 
For the concentration of a chiral agent, at this time, the whorl pitch of liquid crystal is about 35 
micrometers. It adjusted so that it might become. To the opposite substrate 1 1 side with which light 
filter 11b of this liquid crystal cell was formed, as an optical different direction component 30, the phase 
contrast plate which is an optical different direction component made from a polycarbonate has been 
arranged so that the direction where the refractive index of a phase contrast plate is large may be 
intersected perpendicularly in the direction of rubbing. 

[0086] The ellipse multiplier Z of the optical different direction component 30 is Z=(ndx~ndz)/(ndx-ndy). 
When it carried out, it was made to be set to Z= 9. 

[0087] They are ndx, ndy, and ndz here. Total of the product of the refractive index of the thickness 
(unit: micrometer) of the said optical different direction component in the direction of a normal of said 
substrate when said substrate and the said optical different direction component have been mostly 
arranged to parallel, and a said optical different direction component is expressed, ndx and ndy The 
refractive-index component of the said optical different direction component in the field inboard of a 
field almost vertical to the thickness direction of a said optical different direction component is 
expressed, and they are ndx and ndy. It is mutually vertical, ndz The refractive-index component of the 
said optical different direction component of the thickness direction of a said optical different direction 
component is expressed. 

[0088] Furthermore, an optical axis is 45 degrees to the direction of rubbing, and the polarizing plate 20 
(G1220DU, NITTO DENKO Make) was stuck so that the optical axis of two polarizing plates might 
intersect perpendicularly mutually. After extending a film in the direction of a x axis, the phase contrast 
plate whose value of the phase contrast of the field inboard of the phase contrast plate which extended 
to y shaft orientations and was made biaxial is 100nm (the difference of ndx and ndy is 0.1) is used for a 
phase contrast plate. The optical axis of arrangement, i.e., two polarizing plates, intersected 
perpendicularly mutually, and the direction where the refractive index of a phase contrast plate is large 
has been arranged so that it may intersect perpendicularly in the direction of rubbing, so that the phase 
contrast of said liquid crystal cell at the time of the 2nd electrical-potential-difference impression 
condition may be compensated. And a this optical different direction component is M=deltanLC- 
dl_C/(ndx-ndy) when a retardation ratio is set to M. 
since — it was made to be set to M= 10 

[0089] The refractive-index anisotropy of dLC (unit: micrometer) and said liquid crystal layer is set to 
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deltanLC for the thickness of said liquid crystal layer 

[0090] In the time of no electrical-potential-difference impressing to an electrode, the obtained liquid 
• crystal electro-optic devices are abbreviation parallel mutually, and toward the substrate of another side, 
180 degrees of two or more liquid crystal molecules of the 3rd liquid crystal layer field C could be 
twisted, and they have arranged them by the field inboard of said substrate from one substrate. 
[0091] The time [ of the 1st electrical-potential-difference impression ], the inclination of the liquid 
crystal molecule 13c1 of the center section of the liquid crystal layer field C of [ 3rd ] two or more liquid 
crystal molecules of the 3rd liquid crystal layer field C arranges to the direction of a normal of a 
substrate, and abbreviation parallel, and centers on the liquid crystal molecule 13c1. The inclination of a 
liquid crystal molecule is changing in the thickness direction of the liquid crystal layer 13 pinched 
between two substrates gradually toward each two substrates 1 1 and 12 like the liquid crystal molecule 
13c2 and 13c3. 

[0092] The time [ of the 2nd electrical-potential-difference impression ], the inclination of two or more 
liquid crystal molecule 13c of the 3rd liquid crystal layer field has arranged to the direction of a normal 
of a substrate, and abbreviation parallel. 

[0093] It displayed by turning on and carrying out off actuation by the electrical-potential-difference 
driving source 40 in between at the time of this 1st electrical-potential-difference impression and said 
2nd electrical-potential-difference impression. In the case of this example, the electrical potential 
difference from which the effectual phase contrast of a eel is about set to 0.26 micrometers was used 
as the minimum value of driver voltage. The 1st electrical-potential-difference impression was displayed 
by being referred to as 6.5V in 2.4V and the 2nd electrical-potential-difference impression. 
[0094] Consequently, as shown in drawing 9 , the electro-optics property that permeability decreases in 
monotone to driver voltage was acquired, 100 or more were obtained and the viewing angle was also 
large [ the contrast ratio in a transverse plane ]. Most differences between gradation did not have the 
speed of response, and even if it is as high-speed as about 5ms and displayed the image with a motion, 
the good display [ fade / a profile ] was obtained. In addition, drawing 7 - drawing 10 are drawings 
showing ** contrast, the contrast by the observation direction when making the direction of a normal of 
a substrate into the criteria of the observation direction for the core of a circle is expressed, and a 
shadow area shows a reversal field. In drawing 7 - drawing 10 , the include angle of the **** direction of 
a substrate and the observation direction to make becomes large, and the direction of the line which 
connected the point of a certain arbitration on a circle to the core of a circle (azimuth) expresses the 
observation direction in the field inboard of a substrate as a circle becomes large toward the core of a 
circle to an outside concentric circular. 

[0095] The fields where the field where the field where the curve (50) was surrounded with a contrast 
ratio (50) and this curve (50) was surrounded with 50 or more contrast ratios and a curve (10) was 
surrounded with contrast ratios 50-10 and a curve (1) are contrast ratios 1-10 among drawing. 
[0096] (Example 2) TFT-LCD was produced on the same member and same conditions as an example 1, 
having used the value of Z of the phase contrast plate in an example 1 as 7. This result is shown in 
drawing 8 . In this way, the good display was obtained even if obtained LCD shook the viewing angle. 
[0097] (Example 1 of a comparison) TFT-LCD was produced on the same member and same conditions 
as an example 1, having used the value of Z of the phase contrast plate in an example 1 as 1 (one 1 
shaft phase contrast plate activity). This result is shown in drawing 7 . In this way, when a viewing angle 
was shaken, obtained LCD had the dramatically large reversal field, and its lowering of contrast was also 
remarkable. 

[0098] (Example 2 of a comparison) TFT-LCD was produced on the same member and same conditions 
as an example 1, having used the value of Z of the phase contrast plate in an example 1 as 12 (one 1 
shaft phase contrast plate activity). This result is shown in drawing 10 . In this way, when a viewing 
angle was shaken, obtained LCD had the dramatically large reversal field, and its lowering of contrast 
was also remarkable. 
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[0099] As mentioned above, a liquid crystal optical element with few viewing-angle dependencies can be 
obtained by using 7<=Z<=10 and an optical different direction component which is set to 8<=Z<=10 still 
- more preferably for the value of Z. 
[0100] Moreover, although angle-of-torsion theta of the field inboard in the substrate of the liquid 
crystal molecule of said liquid crystal layer which the liquid crystal molecule comrade has arranged to 
parallel mostly, and the liquid crystal molecule of a liquid crystal layer arranges toward the substrate of 
another side here from one substrate of two substrates at the time of no electrical-potential-difference 
impressing mentioned as the example the case where it was theta= 180 degrees and explained it It can 
apply also to the OCB mode of a normally white mode display, and the mode of the resemblance, and 
the same effectiveness can be acquired. 

[0101] Moreover, the relation between the applied voltage (axis of abscissa) at the time of changing the 
value of M and permeability (axis of ordinate) is shown in drawing 1 1 , using **nLC-dLC as 1 .0. 
[0102] 1 shaft phase contrast plate whose value of phase contrast [ in / for the optical different 
direction component in an example 1 / the field inboard of a phase contrast plate ] is 400nm, (Example 
3) TFT-LCD was produced on the same member and same conditions as an example 1 except having 
produced the optical different direction component so that an optical axis might intersect 
perpendicularly and it might be set to superposition, Z= 9, and M= 10 in two of 1 shaft phase contrast 
plates whose values of the phase contrast in the field inboard of a phase contrast plate are 500nm. In 
this way, as for obtained LCD, the viewing-angle property is improved, as for the viewing angle. 
[0103] (Example 4) TFT-LCD was produced on the same member and same conditions as an example 1 
except having produced the optical different direction component in an example 1 combining one 1 shaft 
phase contrast plate whose value of the phase contrast in the field inboard of a phase contrast plate is 
100nm, and a negative phase contrast plate (ndx and ndy >ndz), so that Z value might be set to 9 as an 
optical different direction component. In this way, as for obtained LCD, the viewing-angle property is 
improved, as for the viewing angle. 

[0104] (Example 3 of a comparison) The value of Z produced TFT-LCD of M= 7.4 on the same member, 
and the same conditions using the optical different direction component of 9 like the example 1 except 
having set the diameter of the spacer in an example 1 to 5.3 micrometers, and having set the eel gap to 
5.3 micrometers. In this way, obtained LCD had low permeability and display grace tended to be spoiled. 
[0105] (Example 4 of a comparison) TFT-LCD of M= 18.2 was produced on the same member and same 
conditions as an example 1 except having set the diameter of the spacer in an example 1 to 13 
micrometers, and having set the eel gap to 13 micrometers. In this way, obtained LCD could kick or, only 
to 6V, since there was no **, it could make the maximum electrical potential difference black enough 
(since a TFT component is destroyed on the electrical potential difference beyond this), but display 
grace tended to be spoiled. 

[0106] As mentioned above, the optical different direction component of this invention is obtained by 
using together the phase contrast plate which has the optical axis of the biaxial or one shaft using two 
or more phase contrast plates using one or more phase contrast plates which have a biaxial optical axis 
which have the optical axis of one shaft, and a negative phase contrast plate etc. Moreover, the good 
liquid crystal optical element of display grace can be obtained by setting the value of M to 7.5< M<18. 
[0107] (Example 5) One of the polarizing plates in an example 1 was changed to the reflecting plate, the 
diameter of a spacer was set to 3.6 micrometers, the eel gap was set to 3.6 micrometers, and TFT-LCD 
of Z= 9 and M= 10 was produced on the same member and same conditions as an example 1 except 
having used the biaxial phase contrast plate whose value of the phase contrast in the field inboard of a 
phase contrast plate is 50nm. In this way, when obtained LCD was driven, the viewing-angle property 
was good and the bright display was obtained. 

[0108] (Example 6) The optical different direction component in an example 1 was produced combining 
two torsion phase contrast plates. Specifically, the phase contrast of field inboard produced [ angle of 
torsion of an optical axis ] at the field inboard of one phase contrast plate whose phase contrast of field 
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inboard angle of torsion of an optical axis is 100nm at 10 degrees, and substrate combining two sheets 
of one phase contrast plate of zero at 650 degrees to the field inboard of the substrate which consists 
- of a cholesteric-liquid-crystal polymer. Torsion of an optical axis has twisted 660 degrees of this optical 
different direction components to the field inboard of a substrate at the whole. 

[0109] Thus, by having given torsion to the optical axis of an optical different direction component, by 
acquiring high contrast and using the phase contrast plate whose angle of torsion of an optical axis is 
650 degrees, the same effectiveness as a thing with an optical property top negative phase contrast 
plate was acquired, and the viewing-angle property became good. 

[0110] (Example 7) The optical different direction component in an example 1 was produced combining 
one torsion phase contrast plate and one negative phase contrast plate. Namely, substrate which 
consists of a cholesteric-liquid-crystal polymer The negative phase contrast plate whose optical 
anisotropy is negative was together put in the direction in the direction of a normal of a substrate when 
one phase contrast plate whose angle of torsion of an optical axis is 10 degrees, substrate, and an 
optical different direction component have been mostly arranged to parallel, and the optical different 
direction component was produced so that it might be set to Z- 9 with the whole optical different 
direction component. 

[01 11] Thus, high contrast was acquired by having given torsion to the optical axis of an optical different 
direction component, and since it was a negative phase contrast plate, the viewing-angle property 
became good. 

[01 12] (Example 8) The optical different direction component in an example 1 was produced combining 
one phase contrast plate and one torsion phase contrast plate without biaxial torsion. That is, in the 
combination of one torsion phase contrast plate and biaxial phase contrast plate which consist of a 
cholesteric-liquid-crystal polymer, the optical different direction component was produced so that it 
might be set to Z- 9 with the whole optical different direction component. Thereby, the viewing-angle - 
property became good. 

[01 13] The liquid crystal electro-optic device of this invention explained in the above example is widely 
applicable to the high-speed liquid crystal shutter used for the glasses used for the liquid crystal display 
component and the light valve of a video projector which are used for a personal computer, a word 
processor, etc., and 3D-TV. 
[0114] 

[Effect of the Invention] Since the optical different direction component combined with the liquid crystal 
cell in OCB mode or the similar mode has a biaxial and negative optical anisotropy and sets the ellipse 
multiplier Z or less [ 7 or more ] to ten, the liquid crystal electro-optic device of this invention can 
obtain the liquid crystal electro-optic device with a good viewing-angle property suitable for the Nor 
Marie White display in the above-mentioned mode. 



[Translation done.] 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view in which one example of this invention is explained to and the 
sectional view in which (a) shows the array condition of the liquid crystal molecule at the time of no 
electrical-potential-difference impressing [ of a liquid crystal cell ], the sectional view in which (b) 
shows the array condition of the liquid crystal molecule at the time of the 1st electrical-potential- 
difference impression of a liquid crystal cell, and (c) show the array condition of the liquid crystal 
molecule at the time of the 2nd electrical-potential-difference impression of a liquid crystal cell, 
[Drawing 2] It is drawing of longitudinal section in which the liquid crystal cell of the liquid crystal 
electro-optic device in the conventional OCB mode is explained to, and the sectional view in which (a) 
shows the array condition of the liquid crystal molecule at the time of no electrical-potential-difference 
impressing [ of a liquid crystal cell ], drawing of longitudinal section in which (b) shows the array 
condition of the liquid crystal molecule at the time of no 1st electrical-potential-difference impressing a 
liquid crystal cell, and (c) show the array condition of the liquid crystal molecule at the time of no 2nd 
electrical-potential-difference impressing a liquid crystal cell, 

[Drawing 3] The sectional view of the liquid crystal electro-optic device which is one example of this 
invention, 

[Drawing 4] The abbreviation perspective view explaining actuation of one example of this invention. 
[Drawing 5] Drawing explaining the index ellipsoid of the liquid crystal cell used for this invention, 
[Drawing 6] Drawing explaining the index ellipsoid of the optical different direction component used for 
this invention, 

[Drawing 7] Drawing showing the viewing-angle property of the liquid crystal- electro-optic device of the 
example 1 of a comparison, 

[Drawing 8] Drawing showing the viewing-angle property of the liquid crystal electro-optic device of the 
example 2 of this invention, 

[Drawing 9] Drawing showing the viewing-angle property of the liquid crystal electro-optic device of the 
example 1 of this invention, 

[Drawing 10] Drawing showing the viewing-angle property of the liquid crystal electro-optic device of 
the example 2 of a comparison, 

[Drawing 1 1] Applied-voltage-permeability curvilinear drawing which makes the value of Retardation M a 
parameter. 

[Description of Notations] 

I — Liquid crystal electro-optic device 
10 — Liquid crystal cell 

I I — Substrate 
11a — Electrode 

1 2 — Substrate 
12a — Electrode 

13 — Liquid crystal layer 

13a — Liquid crystal molecule of the 1st liquid crystal layer field A 
13b — Liquid crystal molecule of the 2nd liquid crystal layer field B 
13b — Liquid crystal molecule of the 3rd liquid crystal layer field C 
20 — Polarizing plate 

30 — Optical different direction component 



[Translation done.] 
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*PB#-eii, lllsottMmGoWBcottA^i 3 c 
^i^v^(cB&iF^f -c. ^o-^©Stg*^m*©S«t-|Sl 

[0 0 19] mi- (b) ir^-f-j:5(c lii 1 a, 1 
so 2 a — (DM 1 ©mBEPPAPB#T*l±. |g 3 ©SSfi'JifH^C© 



ftffiW- 9- 16002 2 



(5) 



fcROlKft^© 0 *>S ^(O-UtoWL&ft* 1 3 cl© 

snarl* ■f**>t»is*i»^#fit>±as9tt» - 
[oo 2 0 ] ifcfc, mi ( c ) \z.7&ir£ o lc, l i 

a , <1 2 a ^0D^.2.<pmJETOP^F-Cfi< SI 3 (DmgkSffi 

mo&miz&irzmdyigi&omfkft* 1 3c2, 1 3c3© 

2 ©SJEBttQBtll, Sg 1 ©m/EWJPBtJ: 9 fcMfcttffiS: 
T-l 3c2, l:3c3^Wi5S«CTp}£^fp]t{5ljsptTtCi2 

5. ■ • .• . , :.. ' . .. •• 

[00 2 11 ^<D«t 540CB*.— Kte&flsl©^— YR 
xfo CB.t- b"et±, .Hi. ( b) ■ , • ( c:) , fcjjcf «fc 5 ft 
BWWI^Ii* 2 ftOUR'Mv.1 2 M&iRAJI 1 3 £ 
»5»..b*;« ©'±*# fcT^ttKE 

nm mmw-Qtbfttf.. Wi.&<D±.2H*. -rp^rhw 

-JrSfMH R b.t-t-tv #t# «r£r t 5 „ 

m fltf •* - £ lc J; t) i i !3 J£i £#3 r. t 5 
■ t,©T?fc5 0 ' ' - :-. 

[0023] -rttt>h. **wo«E*m*3te^s«tt. 

TE©JB*f aW« R«* Z-ffi £ ii o 2 to ©fttt * *Tf 5 A 
■o**JI*tt«r»-ijeWI****.?(W-*.-- 

[00 24] Z = ( n d x - n dz )•/ ( n d x - n d 

y.) tUfci:t;-7SZSl.b. , • 
diKl, n dx , h dy , n d z 1 

mf&ftZ&To mdx , ndy-lt .fl&JEft*^*^© 
J¥ JW* [6J £: (Sl^Sff^fc rt* [6] £ *3 1 1 3 tft SE# 

fl^OlJf^lrSLv ndjc:', 'n.dy f±S^ 

• [ 0-0-2 •5-]-}S«Hr-/V'^aS*i&4H^ b-fcBai6]©^' 
nzLC >nxLC >nyLC 



.9 

■ 0 5 OffiflftR L 0#9fffi-efc 5 x z I, yzffi^ 

[0 0 2 6] wix**t«i-53t****-7:?>Jffl»T*«R 

/wj ©fttt*-F6]zSr{dl©2$6J;!9t.J£^L-, ^oftfe© 2 

[0 0 2 7] .r©Stfr*fflP3^5r®ffr*©5»:^*-t-is 
Z = (nxC— nzC) / (nxC— nyC) 
io nzC <nxC 1 2<,nyCT?.fe5..' , . 

[0028] nzO.*:tsri-, BiroMIi 

.3flpjHEfc»-f 5«ttA, B^P^fl^^ 13b 
,[0 0 2 9] ^m^:%/bK\t, rfu^-;v VftbW.& 

^PS^TfoSo.. -.Lfc^oTZfflliy V-e-^V h^tcJ: 9^ 

■ 7^Z$1.0 ■ ' •• : •- 

[ 0 0*3 0 ] r.© J: 5 ft^mifrSjt^ £ffl© -IftR** 
. • QCBre- V'RXfiZtibmUri^r- K© 

tg©j*^|6l^^LT«^fc*[6]^*3ft-5.> -©«t 
IKi6Ji©jp$*|R|fife^O«i6««?*^|**:tt**t« b 

30- a. i. o ^0 <45ir s*ste^«^iijD 

- '•.-t-Sv-. " i;i "' -•'■*■/••"• -•■ . 

[0.0 3 1] 3Et£, Jfc»WiTff±, :Z©fi£*s, 
8 g.Z-S 10; .-. , • 

. [,.0,0 3 2.]..*«KT»4»-.:OC.BA^itbt«SffilU^* 
KOC BRXf^int^U Ltcm^— h'lt. X <0 

.^ftffl-TSo 5EJ?, *IS0JT*f±^3t^*-«^©y ^7* 
[ .0 .0 3-3 ] O C BRXfiZ.tl.bmk L- Ktt» 

K"c*o. *©jK**A'©aawsTf±. 

[0.0 3 4] ! T.= s in 2 (R/»t ( X); (1) 

.:( 1 ).-.SCl±ISE==?/u.^ '.%«Ht3iS¥H^ 4 5° ©B# 

••• -y- f-^w ^^^r^KJ^aiaEJPe* *r 

[0 0 3 5] *^S^-7-©3tW©.[S]# tt; . ■**-feA'.© 
so. ^^^^©I^tfC^LTSjt-r*)^.- w©#5feBag© 
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(6) 



yRLfii*¥ft**?© !J ^-T-v-a ^Rfxy © 
noD^f-^a^fOlt^^ a; (1) «f<7?^7^ 

-*Rfi, ' •' ' « 

R = RLC— Rfxy (2) , 

bteZ>o ' ■ ' 

[0 0 3 6] LWot; (2)'5£/&»'f>> tS^-fe/KOiS 

^l»l©Hf-Va^©||l:i9ftS3 a i-*fot>,--- ' 

[do 3' Ti'«eft^>K©.y ^x-v-a i'tfmM&m * 

'• • ' • : *M=RLC/Rfxy = A nLCX dLC/ 

to o 4 0] 1 u\ y ;?f->a vjtMji^-rsm 

'7. 5 < Kl< 18 ' • ' 
[0 04 1 ]•**:,■• *«W©«ft*«'3t^Sg1f»±. 

mtim+m * • ' ••• • ; • : 

: 0:/6 ; :2'2^'niij:;nn!d7-S0./t%7-v - 

0. -l'5-<-n dx- — n dz < 6: 7 - ■" ■ 3 

k-r?><oi>W£ UtV CHtc-i i-WsJi^A tiLC • d- ,; 

[oo42 v&tc; *&w<DWiM>i£%ftmmm*. 2& 

[0 0 43] r©^§-£\ ^5^g^2^iii§-r.5<DT% 
( n d x - n d y ) ©TPSffitt 0 . 0 1 1 £-'#-5. 

[ o 0 '4 4 ] * fc\ #38?J! oKilXX^Iilft. 31 l 

ft»««C©«*©'tt*^©-5 9 a 

COM £ «s*«©«fe»*lRl i BSW^ge^iJ bT V * 3 fc , 

[0 0 4 5>*fc, *38W©«fi*»3fc#«4»±. ffl 
©«BEPpjnB#f:|B'2 ©«BEPM>pi#©W^*5*«:fr 5 - 1 

••T'^'S'o- 1 -''-*^-^- " '- - -•■ -- 

[004 6]' #329i©'«iftft'3fc*T-l4, 'JglCt 



/0 

iBi©y ^f—^a >s&<$\,< fcofc£>*K fcgy^x-v" 
[ o 0 3 8 ] -ttit>h. tft^^m^m^m y 97 

-Va vte, MuS*Mk:j£*r5. 

1 ^©E^ipiy ^x-^a >©&• -r&fc>*>y 
[oo 3 9]'- 

(n dx -h dy )• -- (3) ■ 

[oo47] $zizK>*&m<om&ytmm*te; mi<om, 
. i o o 4 8 ] * fc, ^mm<om^fs.%^mm-i 2 «c© 

• Sr'ttttSo -«i ©«t'5 t^jet, d>o±fBYD\t 5 \z® 
■ y *s a >-tt;M©^S?K«i-S r 

[ 0 0 4 9 ] ■'2-tt©fl!I3fe«^iaSE+ , -5^t ¥fr Sr 

^;:Sii*^«< LW^6--, • ... 
[0 0 5 o ] HS3tffi©'3t#ttSf, mrlE 2 

i v • ■ ' . • •• 

[ 0 0 5'. 1 ] . «±©ttft'«ft3le¥£«fcaMJ -C# 5 
WiOaB'*- 'KfciVOGfiS^ KlcMH©*— K© 

?Kf 8 H©@a?imii^WT^-fc Jici3/-2tko«)t«© 
5-b-'i*k*Eit«-k , .u , fc»fi'fc 1 baffl-c**.-'.r©# 

[005 2 ] .^wottAmjsjt^ssiitt, 2ft©s« 
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(7) 

11 12 

i:Sr#mti-5 0 -*-<C*3t>, OCB^e- KtCjgffl-f-^r [0 0 5 9] $ fed, OCB^-KtfflSC^-KtL 

[0 0 5 3] $ fefcl, ^^©ftffe^ft^B©-^ <DSffid^te*<^Sfe»-l^/6 s oTffi?IJi-5JSfi®W^S 

H6f4, 2tfc©£«©— #©StfM»bte;fr©£«K:iR]a s o' ^©S«rt©B5rt#l«O©JaDax*10*s, B&9 0° $.1t 

•CEJOi-SttfiJiOjBEfi^cKrlBSSrtroBBrt^lBl© (*»S2 7 0° .-t?fc,9 v MBifO/^ h*S#ffirfE 

Dixit 0 0 *V ep. = 0° -CifcSo 2tfc©S4£TW£5-t Sr*M£$:i1""3o £©^§-3\ iaD 

[0054] rrfc, teci%mt\±. naiflt^og. H^e.* s v ?o°.jfett2-7o' ©*&.,'«*«©** 

3gl$&iaD;Ml£*L, — Dixigf:fc = V y (*iSO»*.^i8«Sc*>-h!6 s ofcttffi©fia*-eH:, Z#t©. 

^ft*ite^©S-e-*SfcJ;pftiJp-C*#.5o- - 10 S«*ffiT©ftll#T-©:^9vi'h:M s ^L^I§-a\ ft 

[o 0 5.5] zb\^.*wn<»m&m,%%^mn<»ttL<» B a B so±^iT¥»t©feiii«^^ l< <c 

?iJi-5ftf B ^©ftf B ^©S«rt©ffirt^[fi]©iaCniE r.-ft>a.-fr*&flc2: LT©tt«SStt*^©±#a'.i:T¥# 

00^.80>O° t*1S«.it5. ^©J;5 . ■ asEV>K*MMrjBBM*i: fcSi- wOfeft. PPiPHJESrK 

fctaWxlBeo ^0o':>o° iicfc!?, mffi« ^^^^TftS^SrJEft.UTfcjt^^Sr^t*-^ 

.EPJp'Wo^T'W.EKdJRMl^feJBi ©@ffiPMPi#©3S3 3-£fc#:e**irV iaxfcttU 7'yf-A'hft4r2tt© 

©ftaieW© l SBottRottft^rofll* «s*«©tt. Kfcmi-e** - 1 K i *> . t/wo±^tT*» 

= o° -efestttib^ *tcf<.-t5:t*f# ^u^b^^,Lv^/v©|Sfp«jEE^j!nibfci:#-e 

5 0 .20 tS©^^^*" Lfc^ot^Ht. mJEESrfPJn 

[0 0 5 6] $b»c % .^K©ftBl®^,3fc^*©te© tSCtt, Bf©*^#fett\ iSji^*s^rtgJc:^ 

o-Cie?iJ-f-?)ft*^©ft*^©S®rt©0art*|6]©*3i . . &T^#Et*£ttftiT«^&&5feC;h<A;9 0° * 

Dixig0.O #,-..0 0 =9 0' •e,'^^l/f^F#^2 fcf±2 7 OVOg^, ^VTTw©J:5fcM&tfc5«l6l 

*fc©StR-C^^5r -90 =9 0° ©t ©&tvteDix£.9 0%£KK 8 5° ~9 5° . iaDix^S 

r.l^w K^2*fc©»S^fcfe-&5- ttcj; 2 7 0°. £l&< ,2,65° ~2 7 5° ©*-£{£, 2t5c©S 

[0 0 5 7] £ kfc, *»W©«»mft3t^K«Ote© [00 6 0] fife, *^PJ©ft B B Bm.^^B©{til©flg 

-oTSa^5'ft-*e©ft*^©S«rt©¥^*lBl©ia --3q -zz t WEE^S.PPiPNf ^« 3 © 

DixiB0#C l 0=l 8 0 , -t?*S5'£'fc*»«i:i'5. >< " ^ftiSS««© t l-»©a»©ftft^©« : ^ s **©«fei» 

5'^7o-Mtttfc«4, iaDixflB# 18 0° Xt5 #fa£l&¥tmffi^J LTV^tflSi; iot^Sto-Cfc 

*©mra-cfc5 ; i 7 5' -issrt fcsrtMti 9. qcb*- b*£«fla©*-K-efct>, 

«^tf«ffi^^A»oT^5B»©'1 3 *iSff© J ^S:t>±!9 s [0 0 6 1 ] *»W«>«ftmft«#p«»J:fflV^53t^» 

cfcftS^fi, ®ESr«J5r i»Ct iJS«Wffi©St: ;*fSi^-{-o^T, «TK*-T. 

^S4^©ttA&?-K9l&-ff&*1»£. Li»:U **#jfi l00'6-2] 3fc^*am42tt©#tt;&»&*5^fc< 

©&1b±#ofctt#©SEi&#*-tt:. f*iS«o'»»^f- fcfclftoflaMHS-CkiiifcWttfc^S..- 

K.fcoT§fc#t!gfcfc3©£fc&tf bix, R9^9<« [00 6 3] *fc^-itt©*-C:*388©Z©«fiHas£51 

5. rixSr^y^-^o— S**i-<'>5. ^<^Kffi?!l©# «o T-tfti,^^©^^**^-©— lfi©)tWd> 

•g\ ;0/<.^7D-»ig< )i5!ii 1 ffiS*si8 0 2 tfc£AJt©'&*a^«©»^--g' 9 , 

° iaD*xfc^flgSr»v^ialS^®dS^Dfe^, r© < tt,2*Jc©tt*BM4S©3tW^>fc.5Ci:Sr#«tti- 

[0 0 5 8] Sfc, ;*38W©*A««*^S1Itt, W [0 0.6 4] -tt©3fe#M^^-©i(a^fc>*-C 

~©*flE«IEPJgi*-efi* HuiESf! 3 ©RAMtt©tt9c© Z©ffi©«SH* i l*9i-0**^*a'ttU Jt^S**T©- 

ft^rSHHiS^msptfTv i»o-*o»«i>t>ili*w i4*©#ttd»&fc*'>fc< t fc l tfc©tttilS« 

StgtiI^]/4 : >c.T:St5©ffil*1^|Sjtr*3rCix-CBaJ'J-t:-5r.i: i:, 2 tt©3ttt*»b £ 1 ^©ffilSSSffii: 

■ t --f 5. -1-/«ci>^' oeff*-r HifSWK©*— K • £ £-Sr#»£ -f ~*r 7' — • - 

r-fot), ioatg-efe^MttjSffl^HB-cfcS. [0 0 6 5] •*****^ : ©«ol>WK4; S«£ 
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[0066] m&±'V(DteCK(Dytt¥:%}%:$:&<9 

mjjpjjftfcte ciiT^sri zmmttz* 

[0 0 6 7] r<D^/i3t^^«^»«^^DttS: 

[0 0 6 8] ELt©«fc5k:, *»iq-ctt v #3**#**' 
H\ l'tt*-fc»±-2 toffeffiSfc *©(fictBJ|- 

* £ LT 2 *&©*«] 5: t>o«t 5 Ki WttJfcVV, " 09*.tf. 
*v*J: 5 fcE«U'"C. ****** t Lt 2 ! tti©3fctti£ 

[oo6 9] ; *fe; «*»©'aft^*©a«©ffirt*i^ 

J:*3fe*«aW'tr'*MH-« r. £ 3, 

#*as, 'S«©a5rt*lSi*)*^^H:«MR*|p|*>Sv^tt*0 
[0070] 

[0 0 7 1 ] &*§§£«©#»£ LTIi, #9 $ — ti*-r 
^ — , / ^ * = ^ y * »ft # y ^ — i?0>ttffiJS« Sr 

fflv^^iims^ Jof&vmmm btt 5 1> © t- & 

[0 0 7 2] 

ft+(Dmffi.ft<Dmfojjfo<DteC*lft 6 tt. 0 = 180° 
***W©«ft«»*^S?«i : tt, ft[*"t>H0, r© 



(8) 

/4 

[0 0 74] mia±^ 1 0 tt-±fl5fc*ffi 1 1 a 
Sit.fcjK 1 ©SIS lit, -±ffifc«fll 1 2 a ASJgfifeS 

tHt$&2<Dmmi 2&%Mi>mftir 5<fc5KE«U 2 
#C©S*Kll, 1 2MtKft]il 3*r««fUTl^5. r 

5c ft^gjrm* 3 o tt, «[AJ| i 3 ©7fc#S*-tt£« 
io [0075] H i ic^-ri 5 fc, » aji i 3 ttsajRwar 

k ft- 9 „ wOttfia 13 141 2#t©S4£©— * 

oifiri fcters**©**^* i 3 a ■a>4>'ft*j|i .1 

ofo&ismmA t\ 2 vc<Dmm<Dmj?<o&ffi. 1 2 tss-f 

mi<Dm&mmmt$is2<Dm$>mfc®bte&i-titc 
• «*© jBtji^T' 1 3 c t£i %3<Dm&mm®ctfr 

k&5„ ^Lt ( Ell (a) t4«EESr«ffi^O«£E«fff 

■inwtoWft^oEju&jsu mi (b) tett&—©|g 
1 (Dmsmmm^Trk u hi 1 c c > temn--©^ 2 © 

[0 0 7 6] 0'1 (a) H:iSi-J:5^,-«E*attjB4 0 

d^mffii 1 a-; 12a ^©mffifiPpap^F-efiV % 3 © 

■e, -*»o— *©S«*»t>te*«JSSlJ:i^ia»oTiMnE»E 
©Srt*|SjT?iaCii/TEaRILT(/^ 0 : 

[00 77] eh (b) \z^-rx : o\^, mm^ ©^1© 

mjEWiPB#T-tt, ^3©^4l®ffl*C©^©fl$ H |^ 

© 5-*j-§B©?KbI^* 1 3 ci©^# asx&©i&ft;frl6] £ 
. •^fT.teE^%T-V?-5*-uS©m- ©«EPP»^i:.tt> . M 
30 ««BE»±rcffij^*»qE^tfelft^i^ £ H&Wr -f * 

[0 0 7 8] Ell (c) fc^i-«fc5fc* ©^2© 

«JETOnH#-T?Ji, JR 3 coKMWttoWpcoM^* l 

' 3cl, ' 13C2, 1 3c3©ffi#'^*te©&itS*l^£llS¥ff 
fcfiiyy UTl/^c w©3!2 ■©«BEBPiDB*14» ^ 1 ©SJE 
BUMS .fc- 0 <>XK«BE*r*»»t*:tt*-e*)?), -^©£#^ 
3 0fflift*»W©«ft^-l 3-c^BtfBS^©^*!"] 
40 £«ifjpfTfcE?(U;Tv^«ffi, •f-/ife*>?g B I^S:*>± 
*s'o *:*»■£* 5. 

[00 7 9] ^©ifofiSl 35:2 tjt©S«JrT^«f Lfc 
^ H B B -ir>l pS:03fc*Urv^S. EllwjjrtJ;'5 » 
• ali?^ 1 0 it. tf J^WfoO— ^ffildttH 12a 

$ix?cT W StS 1 2 £ ^7^SKO- ±ffi±tc®^ l 

i a atjgjftsi-kfcttAStt 1 1 © 2.tJc©ss**a5«s*r 

i6ii--5J:5H:E1tU 2|Sc©S«P^(c^^7 i -r 
-~- fr&&m:W$f*X*£&?*^~^- - - - • • ' 
' . [0 0 8 0] B-3CS5tJ:-5t7K«fil2(i, ^7 
so xmm±\z-? h V t xmmWLOig^M (BSHM*) *s 
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.fctflgS©**!* (0**1*) *SEK*3x, r^fe©** 
.SKM/SLTztfy v>>J 3VCTFT1 2 b tI©TFT 
t^gELT^^^MSim^l 2 aiWf&zkxte 
t), .wftfe©±^BfaBU:2/c#»J5fc3?LTl03. - 

J.'tt, #?:*MKiK:tMET.y-f*Kl 
1 £>&19XttS'l 2 a KMJ&LT*, *l\ ff©HI*#,;0> 

btez>*ij~-y 4 a<? i i b ts 7 , 

[00 8 1] *fc % ' ,as5t*.jfe*i itfS^f&^o^-CtSi 

. !.■... . ... - , .. ; 

[0 0 8 2] tf9X&m±K7£V ->.y3VT.FT3i:i 

•f) , flHMMil 2-a?r«lfc> Bf#*#5«4 8 0, 
i6.4 0 X.3S*C7'Ki«l 2*^Lfc. 
[0 0 8 3] ^7^1fi±tTWi«12©* ' 

5 J; 5tc^$tvfc^9 s^.-v hi) 9 xi l c b&BJ& z° 
U i©±lir,TOlii 1 a &7g/£L-C*H6]Kt51 1 
trftMfcCfc. r.Jxb2tfc©TU;-rS«l 2, *t[6]gi£l • 
l±tc=g-*lSfaJg£l 2 c, 11 d t L-C ir-.bTJKy >f 5 , 
K (SE-5211 » '(«0-.Btt'(b4M±jK.-'-^f > A'>Ald5 

- ) ;gr 8 0 n m©|? § • J&tfL V1t a Z-^X\ W\M . 
fcV^f±fi£0. 3 3mm, «0. llmmffeS, 1^ 

-cSWBBEiRittSr; *«K:W!^ V , 2#©**i 

1 2±©^*Ol^l l a; .1 2 a^*)"fpl-^?)<t5l'Sfi , 

- fO-,0- 8 4 ] T V.*f«l- 2 dbfc'J*>*M>- (0^ 
^ri 5 ) S i UT'BJI 7 . 1 > m ©S$;|K$S*t^- ( 5. 9 n /<— 

<D±ffilZ8 0U/mm 2 ©**"?** Lfc„ t>5— *"© ., 
*fl6l««'l 1 ©*»*SsfB«©JSia»S:^**">«tJilO 
g^*^J (XN-21 , . =#3ltffi^ti^»5S^Stfc») ?foft& . 

^iL-fc 0 -toft, TW»£1 2't*H*)S« ; l lSrt&IE 
EiSiII£.$.L«:**IrJ Slfrfc#1l6^*k^;b"&, :iPflE L* 

■t^l oSrfmufc.." 
[ 0 0. 8 5 ] * UTr©*fi-fe/ytttftiBj** 1 3 £ L 
t^Tf^f v9WL&U.i$te) (ZLI-1132; E.Merck ttM» . . 
An=0.14)..tE**f?/HW (S811,. E. Merck ttffiO. 
JP Lfc fc© fe*g»SEAfe»:: J:. &At£ii£ffi.©£ 
Aa«r#**!WMld»JIII (uv-iooo (80 y 

wCO^Sir^O*^ — 7 <i>^9 1 1 b^ftM^HfcStlo]- 
ISllit, )tf^i^-3 0tLT, #y,;*-tf.* so 



16 

[0 0 8 6] %^^m=h 3 0 ©fllPHfcfcZ li, 
Z = ( n dx -nd.z.) / (n dx — ri d y ) 
irUfct^, Z = 9l:^5J:3iafc„. 

[0 0.8 7.J, nt, n dx , n dy , n dz fi, mJlE 

n d x ,. , n d y 'f±, i|tjiEft#k;fr§ii^ ©J¥^#fa 

t KHfSBE-e.fc s it swia***** 

^■©aiff^^SrS.U, n d x , . n dy f fiSVMrSS't? 
*5. n d z .^. v lWfE*^ft**^Off**l*I©lWIB3te 

[00 8 8],$ b»vflj[5t!K.2 0 (G1220DU. ( , (») 
IIS) *^#^^^*Wfc#Vi^4 5 " 

ytt*^i-M#UT2ttt bfc<4*Bll«©ffirt*|6l 
©tttB^WflS* 5 lOOnm jndi ; indy i ©Md 5 

o. i) -efe5.fiffi3i«srfflyv w,2(oms.mmm<D 
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